


Conversely, 1if L = 10 km, with these same values, W(L,0,0) = 0.64 g/cm2 and
W(L,1/7,6/7) = 0.172 g/cm?.

The fetches implied for the observed shoreline column abundances on
these models are thus much greater than the actual dimensions of Salton Sea
in the direction of the surface winds. The discrepancies may be greater
when the actual wind field generated by the lake is accounted for. For
example, a theoretical study of lake and land breezes generated by diurnal
heating over small (circular) lakes (Neumann and Mahrer, 1975) shows the
lake breezes to be strongly divergent horizontally and zero in speed at the
center. Thus, in addition to violation of the constant-with-x horizontal
wind speed assumption, the available fetch is only one-half the actual width
of the water body. The total onshore column abundance observed at x = L in
the profile may therefore be comprised of a component of water surface
origin that is advected by the breeze, and a resident background component
that is inherited from other sources. It may be thought possible to
estimate such a background component by identifying it with the moisture
amount in equilibrium with the lake under zero wind conditions. However,
from Equations 10 and 14, W(x,m,n) is undefined with a = 0 in the simple
diffusion model employed here.

Estimation of column abundance variation due to topography. The moisture
profile given in Figure 2 contains some variation from decrease of moisture
with elevation. The elevation difference is about 70 m over the 11.6-km
length of the profile. The actual variation of water vapor concentration
with height at the western shore site is not known. We estimated the
expected falloff for the 70-m rise from the water vapor distribution
resident in the LOWTRAN 7 default midlatitude summer atmospheric model. The
vertical water vapor concentration ©(z) (in g cm'zkm'l)over the first 10 km,
which contains nearly all of the moisture present in the model, can be
represented accurately by two exponential distributions of the form €, (z) =
Ajexp(-ﬂjz), J=1,2, where j = 1 applies over 0 <z < 2 km , and j = 2 over
2 < z <710 km. From the model, A = 1.372, and A, = 1.772, and 8, = 0.54,
and B, = 0.68. The A, factor can be eliminated by expressing W(z), the
vertically integrated water vapor above any altitude z in terms of Wy, the
observed shoreline column abundance, and by assuming continuity in the
distribution at z = 2 km. The expression for W(z) between 0 < z < 2 knm
scaled in this way is

2 10
W(z) = wAU N COL IR exp(-ﬂ1'2>f Ez(c)dc] (19)
i 22 10 -1
xU T, () + exv(-ﬂl‘Z)j Ez(c)dc]
0 2

The observed distribution, together with the expected variation from the
topographic rise calculated according to Equation 19, and the difference, or
anomalous water variation, are plotted in Figure 3. The observed
distribution plotted here represents a smoothed (average) version of that
given in full in Figure 2.

Comparison of residual or anomalous profile with profiles expected from
atmospheric diffusion models with concentration boundary conditions. The
expected variation of atmospheric moisture along the inland traverse in
Figure 2, according to the diffusion model with constant concentration
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boundary conditions, was calculated according to the formula

R i ] LR R ARG LR e et BT
(x°” > L)

where the obvious transformation X = x - L has been used. The fetch L is
defined by equations 17 and 18 in terms of the observed precipitable water
at x° = 0, the upstream (x < L) values of p and §,, and adopted constants a
and b (or bo)' Equation 20 is compared in Figure 4 with the anomalous
distribution, 1i.e., that distribution obtained after correction for
topography according to the LOWTRAN model.

Surface flux implied by onshore falloff in moisture on the constant-surface-
humidity model. An instructive test of the zero surface-specific humidity
condition is provided by the implied flux of moisture into the surface
required by the falloff in anomalous atmospheric moisture| abundance inland.
The flux f, of moisture at the surface for x > L is

- bq » v
- 89q - . 2 ||2 1
o = KE=2F. ., I‘(v)[[b](Z r—— n)z] (21)

v v
() - Bers-w
X - X

where L is given by Equation 17 or 18 in terms of the measured column
abundance at x = L and the adopted values of p and @, over 0 < x < L.
Surface fluxes for the two models m = n =0 and m = 1/7, n = 6/7 are plotted
in Figure 5. Maintenance of the condition ﬁo(x.O) = 0 requires the
continuous absorption of 1large amounts of water by the surface, which would
seemingly, sooner or later, be manifested as surface runoff. These
conditions were not observed at the surface near the shore, nor elsewhere
inland. Thus the observed column abundance variation depicted in Figures 1
and 2 cannot reasonably arise as a simple manifestation of the concentration
boundary conditions assumed in the diffusion model.

Vertical distribution of moisture implied by column abundance variation over
topography in a laterally homogeneous atmosphere. An alternative
interpretation of the moisture profile variation given in Figure 2 is that
the changes result dominantly from the topographic variation and therefore
in some sense reflect the actual wvariation of atmospheric moisture
vertically at the time of observation. For a laterally homogeneous
atmosphere (i.e., q(x,z) = 6‘(2)) without influence of advection or eddy
diffusion, the column abundance W(x) above any surface elevation z_ = z_(x)
with z, = 0 as local Salton Sea level, is

Wix) = Jopﬁh(f)dc (22)
z

s(x)

Thus dW(x)/dx = - pﬁh(zs)(dzs/dx), and the slope of the column abundance
variation yields 7§, (z,), provided dz_ /dx is known. Conversely, for zero
advection/diffusion conditions, i.e., a horizontally layered atmosphere,
extraction of land surface slope based on the slope of the column abundance
variation requires knowledge of the local column abundance, the density
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being given. The moisturé concentration © (z) = pq, (z) in g/cm km, derived
from dW/dx for the onshore profile, is given in Figure 6.

CONSEQUENCES OF A HORIZONTALLY VARYING ADVECTION VELOCITY

Results of the previous two sections show that the observed onshore
declining column moisture abundance probably does not arise as a consequence
of topographic variation and cannot arise as a consequerice of a flux of
moisture Iinto the surface implied by zero-specific humidity at z = 0. Up to
this point nothing has been sald about the 1likely complex distribution of
moisture and wind velocity over the sea and inland that would accompany the
sea breeze circulation. The sea breeze associated with diurnal heating of
"small" lakes (25 to 50 km in radius) and their surroundings has been
investigated by Neumann and Mahrer (1974). The actual distribution of
moisture Iin cross section in sea breeze circulation was measured
considerably earlier by Craig, et al. (1945). Neumann and Mahrer (1974)
calculated that the land breezes are horizontally divergent. As heating
progresses, cool air penetrates landward along a front whose position is 10
to 20 km inland from the shoreline. The frontal zone is characterized by
convergence of the horizontal wind at low altitude and upward motion on and
immediately ahead of the front. Above a near-surface zone approximately 600
meters thick, countercirculation is present with winds blowing lakeward.
Such flows and counterflows have been observed in smoke patterns along the
shore of Lake Michigan at Chicago (Lyons and Olsson, 1973). The model
calculations (Neumann and Mahrer, 1975) also indicate uplift of isotherms
ahead of the front and downward indentation behind. it that accompany the
heating cycle. Similar patterns were expected in the vertical and
horizontal distributions of water wvapor, which, in fact, appeared in the
measurements of atmospheric humidity reported by Craig et al. (1945), cited
earlier here.

We want to exploit the simple, nearly constant divergence of the
horizontal velocity mnear shore implied by these model calculations over
both sea and land to compute the expected horizontal variation of the column
abundance. Steady flow conditions are assumed and confined to the (x,z)
plane. The topography is neglected. (See footnote (1) below for a scheme to
include topography.) The horizontal velocity is taken independent of z and
to vary with x according to

W(x,z) = G, + ax | @3y

where U, is the value of U at x =- and a is the divergence of the
horizontal velocity. The condition o% 1ncompressibility yields for ‘the
vertical velocity ¥ N o S :
W(x,2) = - az ' B ¢ L
Integrating Equation 1 vertically using Equation 2, the' co1an abundance
W(x,z) obeys - S »

- aw ‘ . B
(G, + ax)a; + oW = f | : ‘ (?5)
This equation has the solution
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with height according to Equation 10.
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Figure 6. Vertical concentration of water vapor (in g/(cmzkm)) over the

western shore site implied by the horizontal gradients of moisture and
topography in a horizontally stratified atmospheric model. The LOWTRAN 7
vertical distribution was scaled to give observed shoreline precipitable
water. The profile average concentration was calculated by averaging
derivatives for points along the profile. Numbers on points refer to
successive points in the cross section.
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Figure 7. Flash towers at the

UNOCAL Unit 3 geothermal power
facility, Imperial Valley, CA.
-—

Figure 8. Water vapor column
abundance distribution over the
southern shoreline and geothermal
plant site calculated from the
1130-nm band. A median filter
replaces the image DN value at
Pixel P with the most frequent
value in the 3x3 array with P

at the center, ‘
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Figure 9. Rate of water loss from the UNOCAL No. 3 Unit cooling evaporators
and flash towers for April 18, 1989. AVIRIS overflew the site at 12:10 PDT.
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Figure 10. Contours of constant column abundance for a point source in

steady horizontal wind and perfectly reflecting (zero absorption) surface.
Source strength is that measured for the UNOCAL Unit 3 plant as determined
from the data of Figure 9.
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